In this study, we explored the diversity and community composition of bacteria along a 31 vertical gradient in Lake Issyk Kul, Kyrgyzstan, one of the largest and deepest brackish lakes 32 in in the world. We identified 4904 bacterial ASVs based on analysis of 16S rRNA gene 33 sequences and determined significant changes in the composition responding mainly to the 34 variables depth and salinity. A higher abundance of Proteobacteria and Bacteroidetes was 35 observed in the surface waters and the lake tributaries. Cyanobacteria were more abundant in 36 the deep chlorophyll maximum (28.5 to 128 m), while Planctomycetes and Chloroflexi were 37 dominant at depths between 128 to 600 m. According to our machine learning analysis used 38 for identifying the most critical environmental factors, depth and temperature revealed the 39 strongest effect on members of Proteobacteria, Planctomycetes, and Chloroflexi, while 40 oxygen is associated with the variations in Cyanobacteria. Also, a notable increase in alpha 41 diversity estimations was observed with increasing water depth. This work evidences 42 significant differences in the structure of bacterial communities along the depth gradient in 43 deep, transparent lake ecosystems. Notably, there is a dominance of Planctomycetes and 44
Introduction 49
The current knowledge about the distribution of planktonic bacterial communities along the 50 vertical gradient in lake ecosystems is limited, particularly in lakes with depths greater than 51 200 m. Of the total existing lakes globally, only a few contain mesopelagic ecosystems (200 52 to 1000 m). Of these, only a handful has been studied concerning diversity and composition 53 of their microbial communities, with examples mainly from Lake Baikal in Russia (Glöckner 54 et al. 2000; Bel'kova et al. 2003; Kurilkina et al. 2016) , Lake Tanganyika in Africa (De the number of times each exact amplicon sequence variant was observed in a sample. 139 Taxonomy assignment was performed by comparing sequences against the SILVA reference 140 database v132 (Quast et al. 2013 ) and then curated by comparing sequences against NCBI. 141 Global singletons were removed. Samples with a low sequencing depth (< 2000 sequences) 142 were also discarded from the analysis. After these processes, we obtained 1,790,675 
Results

171
We observed pronounced changes in the composition of the bacterial communities of Lake 172 Issyk Kul along the vertical gradient but not the horizontal gradient, responding mainly to the 173 variables depth and salinity (Figure 2) . In total, 4904 bacterial ASVs were identified, where 174 the phylum Proteobacteria was the most abundant, representing in average 28.49% of all 175 sequences. In lower average proportions, other groups were also detected, such as 176 Bacteroidetes (16.76%), Cyanobacteria (14.81%), Planctomycetes (12.85%), Actinobacteria 177 (9.82%), Verrucomicrobia (8.67%), and Chloroflexi (6.56%) (Suppl. Fig. 2) . The primers set 178 used also allowed the identification of Archaea, particularly of the genus Nitrosopumilus 179 (Thaumarchaeota), but in a very low proportion with respect to bacteria. 180 We used the K-means algorithm to create clusters of samples according to depths, 181 distinguishing four layers: 0 to 28.5 m, 28.5 to 128 m, 128 to 402 m, 402 to 600 m. Another 182 cluster included the tributary rivers. This grouping was consistent with differences observed 183 in their bacterial composition (Figure 2A) . At the phylum level, a greater abundance of 184 Proteobacteria and Bacteroidetes was found in the surface waters of the lake and the river 196 The observed variation in the composition of bacterial communities along the depth gradient 197 was consistent with the NMDS analysis that showed a clear separation of the clusters (Figure   198 3). These results were also compatible with the Permanova analysis, showing statistically 199 significant differences between the bacterial communities of the rivers and the lake, and even 200 within each of the four depth clusters identified (Suppl . Table 1) . 201 We also observed differences in the composition of bacterial communities, according to 202 salinity ( Figure 2B) . In superficial layers, salinity ranged between 5.037 and 6.008 PSU, 203 where a higher abundance of Proteobacteria, Cyanobacteria, and Bacteroidetes was observed.
204
The river samples were not included in this analysis because the information of this variable 205 was not recorded. In the deeper layers, salinity was more stable, between 6.008 and 6.012 206 PSU, where a higher relative abundance of Planctomycetes and Chloroflexi was observed.
207
These differences in community composition were consistent with the clustering of the 208 NMDS analysis (Figure 3B) , and the Permanova analysis, showing significant differences in 209 the composition between these two salinity layers (Suppl . Table 1 ). Regarding other 210 environmental parameters (such as oxygen or temperature), we did not find any significant 211 effect on the composition of the lake bacterial communities.
212
As a complementary method, we used machine learning (Random Forest algorithm) to 213 identify environmental variables that have more weight in the observed variation of the 214 relative abundance of the bacterial phyla (Figure 4) . According to this analysis, depth and We also used machine learning and generalized additive models (GAM) to analyze two alpha 221 diversity estimators: richness and Shannon Index. The richness, estimated at the taxonomic 222 level of family, ranged between 75 and 342 per sample. The factor that best explained this 223 variability was depth (Random Forest; p = 0.001, Figure 5A) . We observed an increase in 224 richness with increasing depth, ranging from 110 ± 7 bacterial families in surface waters to 225 309 ± 6 in the deepest layers (Figure 5B) . The variation in richness between layers was 226 statistically significant (Kruskal-Wallis, p <0.001), but according to the GAM, there was a 227 stabilization in the number of families at 280 m (GAM; R2 = 0.827, F = 41.89, p <0.001, 228 Figure 5C ). At lower temperatures, consistent with greater depths, we also observed an 229 increase in richness (Figure 5D and Figure 5E ). 230 The percentage of oxygen (O2 %) was the factor that explained best the variability in the 231 values of the Shannon Index among all measured environmental factors (Random Forest; p = 232 0.001, Figure 5F ). Although Lake Issyk Kul presents aerobic conditions along the vertical 233 gradient (Supplementary Figure 3) , higher diversity values were determined in the layers 234 where oxygen was lower (73.6-91.3%), while diversity values were lower in the superficial 235 and DCM layers, where the oxygen is higher (91.3-177.1%). Therefore, we observed a slight 236 decrease in diversity as the oxygen level increases (GAM; R2 = 0.718, F = 12.97, p <0.001, 237 Figure 5G and Figure 5H ). This variation in the Shannon Index between oxygen levels was 238 statistically significant (Kruskal-Wallis; χ2 = 23.61, p <0.001). Regarding the variation of this 239 index concerning depth, we observed that the highest values of diversity were found between 240 128-402 m (Figure 5I, Figure 5J ). The composition of the bacterial communities in the tributaries was significantly different 256 from that found in the different layers of the lake, including the surface layer. For example,
257
Sphingomonas was the most abundant genus in the rivers while Loktanella and an unknown 258 Burkholderiaceae were the most abundant in the surface layer of the lake. Also, 259 Cyanobacteria, Planctomycetes, and Verrucomicrobia were almost missing in the rivers, 260 possibly due to flowing water conditions and high sediment and nutrients load. Although this 261 work was not designed to determine the role of rivers in the provision of seeding 262 communities, nor to assess the effects of human activities on the lake, the results showed 263 clear differences between these two ecosystems. It will be important, however, to continue 264 monitoring the impact of potential sources of pollution, such as the cities located in the 265 northern sector of Lake Issyk Kul. The hydrostatic pressure at 600 m could trigger some mechanisms for adaptation such as the 288 increase in the proportion of unsaturated fatty acids in the phospholipids of membranes 289 (Delong and Yayanos 1985; DeLong and Yayanos 1986; Tamburini et al. 2013; Wannicke et 290 al. 2015) , systems for active transport of sugars (DeLong and Yayanos 1987) , and increase in 291 bacterial protein production (Somero 1992; Wannicke et al. 2015) . It is also possible that 292 physiological adaptations to depth could be accompanied by changes at the genomic level, 293 including larger genome size, higher genomic GC content, and proteins with higher nitrogen 294 but lower carbon content (Mende et al. 2017) . Proposing the occurrence of these adaptation 295 mechanisms in microorganisms of the deep waters of Lake Issyk Kul would be somewhat 296 theoretical; however, it deserves further studies given that the highest richness and diversity 297 was found in the deepest part of the ecosystem. For this, it will be important to include novel 298 culture techniques, microscopy, physiological tests, and genomic analysis.
299
In conclusion, in this work we demonstrate the effect of depth and salinity on the variations 300 of the structure of bacterial communities along the vertical gradient in Lake Issyk Kul, which 301 is consistent with previous studies (Koizumi et al. 2003; Bryant et al. 2012; Liu et al. 2014 ; 
